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Abstract: Illegal transfer of wildlife has 2 main purposes: trade and scientific research. Trade is the most com-
mon, whereas scientific research is much less common and unprofitable, yet still important. Biopiracy in science is
often neglected despite that many researchers encounter it during their careers. The use of illegally acquired spec-
imens is detected in different research fields, from scientists bioprospecting for new pharmacological substances,
to taxonomists working on natural history collections, to researchers working in zoos, aquariums, and botanical
gardens. The practice can be due to a lack of knowledge about the permit requirements in different countries
or, probably most often, to the generally high level of bureaucracy associated with rule compliance. Significant
regulatory filters to avoid biopiracy can be provided by different stakeholders. Natural history collection hosts
should adopt strict codes of conduct; editors of scientific publications should require authors to declare that all
studied specimens were acquired legally and to cite museum catalog numbers as guarantee of best practices.
Scientific societies should actively encourage publication in peer-reviewed journals of work in which specimens
collected from the wild were used. The International Commission on Zoological Nomenclature could require
newly designated types based on recently collected specimens to be accompanied by statements of deposition in
recognized scientific or educational institutions. We also propose the creation of an online platform that gathers
information about environmental regulations and permits required for scientific activities in different countries
and respective responsible governmental agencies and the simplification of the bureaucracy related to regulating
scientific activities. This would make regulations more agile and easier to comply with. The global biodiversity
crisis means data need to be collected ever faster, but biopiracy is not the answer and undermines the credibility
of science and researchers. It is critical to find a modus vivendi that promotes compliance with regulations and
scientific progress.
Keywords: biodiversity, biological conservation, biopiracy, invertebrate, natural history collection, taxonomy,
trafficking
Recolección de Fauna con Motivos Científicos
Resumen: El traslado ilegal de fauna tiene dos objetivos principales: el mercado y la investigación científica. El
mercado es el más común, a la vez que la investigación científica es mucho menos común y poco rentable, pero de
igual manera importante. La biopiratería en la ciencia comúnmente se ignora a pesar de que muchos investigadores
se encuentran con ella a lo largo de sus carreras. El uso de especímenes adquiridos ilegalmente está detectado en
diferentes campos de investigación, desde los científicos que realizan bio-exploraciones en búsqueda de nuevas
sustancias farmacológicas, pasando por los taxónomos que trabajan en las colecciones de historia natural, hasta
los investigadores que trabajan en zoológicos, acuarios y jardines botánicos. Esta práctica puede deberse a la falta
de conocimiento sobre los requerimientos de los permisos en diferentes países o, probablemente con mayor
frecuencia, a la alta cantidad de burocracia asociada con el seguimiento de las reglas. Los diferentes actores
pueden proporcionar filtros regulatorios importantes para evitar la biopiratería. Los dueños de las colecciones
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de historia natural deberían adoptar códigos estrictos de conducta; los editores de las publicaciones científicas
deberían exigirle a los autores que declaren que todos los especímenes estudiados fueron adquiridos legalmente
y también que citen el número de catálogo del espécimen como garantías de mejores prácticas. Las sociedades
científicas deberían promover activamente la publicación en revistas revisadas por pares de los trabajos en los
que se usaron especímenes recolectados en su hábitat natural. La Comisión Internacional sobre la Nomenclatura
Zoológica podría requerir que la designación reciente de tipos basada en especímenes recolectados recientemente
esté acompañada por declaraciones de deposición en instituciones científicas o educativas reconocidas. También
proponemos la creación de una plataforma en línea que recopile la información sobre las regulaciones ambientales
y los permisos requeridos para la actividad científica en diferentes países, así como las agencias gubernamentales
responsables y la simplificación de la burocracia relacionada con la regulación de las actividades científicas. Ésto
haría que las regulaciones sean más ágiles y su cumplimiento más fácil. La crisis mundial de biodiversidad implica
que los datos necesitan ser recolectados con mayor velocidad que nunca, pero la biopiratería no es la respuesta,
además de que desvirtúa la credibilidad de la ciencia y de los investigadores. Es muy importante que encontremos
un modus vivendi que promueva un acuerdo entre las reglas y el progreso científico.
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Whenever scientific misconduct is reported by the me-
dia, a discussion about trust in scientists ensues. Often,
such discussions lead to the discredit of scientists or the
search for alternative sources of expertise, which has
major consequences. Although particularly visible in the
field of medicine, conservation science is not immune
to such problems. A recent description of the electric-
blue-legged tarantula (Birupes simoroxigorum Gabriel &
Sherwood 2019) from Malaysia, allegedly collected and
transported without permits, ignited a passionate debate
about the illegal collection of wildlife and the ethics of
using such specimens in science (Law 2019; Gabriel &
Sherwood 2019). This spider was captured by European
collectors and transported into Europe from Malaysia
(Law 2019), and it was later described as a new species
in a journal published by a tarantula hobbyist society
(Gabriel & Sherwood 2019). The case was brought to
the attention of the public, triggering a heated discussion
about the ethics of how scientific material is acquired.
Illegal transfer of wildlife has two main purposes
(Fig. 1). The most common is trade, the illegal share of
which involves billions of U.S. dollars (Nellemann et al.
2016). A much less common and unprofitable, but still
important, purpose is for use in science. Occasionally
these 2 purposes are combined when new species are
described from among traded specimens by hobbyists
and amateurs in nonpeer-reviewed publications, as in the
case of the Brazilian Black and White tarantula (Nhandu
coloratovillosus Schmidt 1998) (Fig. 2). Another exam-
ple entails the Mexican tarantulas Brachypelma Simon
1891 and Tliltocatl Mendoza and Francke 2020. These
genera are very popular in the pet trade, and many of
their species are listed as threatened on the International
Union for Conservation of Nature Red List (2020) and
included in the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (CITES 2019)
due to the threat posed by collection from the wild. Out
of the 15 valid species of Brachypelma and Tliltocatl, 7
were described by hobbyists in nonpeer-reviewed jour-
nals with no mention of permits. Most likely they were
obtained illegally.
There is a long tradition, since colonial times, of col-
lection of invertebrates in the New World by European
explorers on scientific expeditions, and they are still an
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Figure 1. Transmission of wild-caught invertebrates from the country of origin to the country of destination to be
used for scientific purposes, showing the players and stakeholders involved in the process (gray arrows, strict
scientific path; white arrows, mixed path [science and trade]; black dashed arrows, bureaucratic connections; gray
dashed arrows, part of the chain in which stakeholders already act or could act to regulate the use of illegally
collected wildlife).
easy target for collectors in general. Invertebrates are
the most species rich and abundant group in the world,
yet there are many undescribed and visually appealing
species. Moreover, they are easier to transport than mam-
mals, birds, or reptiles. Although tarantulas are an illus-
trative case among invertebrates, they are not the only
group of organisms poached to be traded and then used
in science. New species of orchids, for example, have
come to the attention of scientists via illegal trade (Ver-
meulen et al. 2014).
Besides hobbyists, scientists have also collected, trans-
ported, and exported biological specimens across bor-
ders without the required permits. In 2000 the former
reptile curator at a zoo was found guilty of wire fraud
and theft for illegal trafficking in rare and endangered
reptiles (Associated Press 2000). In 2005 the curator
of a botanical garden in Czech Republic pleaded guilty
to charges of poaching 1167 plants and cuttings and
7024 seeds and seed pods of numerous succulent species
in South Africa (Yeld 2005). Also in 2005, a botanical
garden in the United States was charged with a mis-
demeanor violation of the Endangered Species Act be-
cause of its role on the discovery and description of
a new orchid species smuggled from Peru (Pittman,
2005). Scientists have been caught poaching multiple
plant species, such as dwarf aloes and orchids (Steyn,
2015).
Why do scientists put themselves in these predica-
ments? One reason may be the lack of knowledge about
the permit requirements and acquisition. Even when
such knowledge exists, there are often insurmountable
barriers to collecting and exporting, or the administra-
tive delay in the permit process may tempt researchers
to break the rules. Ignorance of local authorities regard-
ing the respective legislation and even the complete
absence of answers to requests are also frequently re-
ported. In this sense, bureaucracy hampers not only en-
tire projects, but also the search for new information on
known and unknown wildlife species and, consequently,
conservation.
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Figure 2. Nhandu coloratovillosus Schmidt 1998, a
Brazilian species described by an amateur
arachnologist in a magazine without peer review. The
description was based on specimens captured by a
German collector who had been arrested multiple
times in Brazil due to illegal collection and export of
tarantulas (TRF-1 2006). Photo by Rick West.
Biopiracy is a controversial term that is more often
applied to the use of biological resources or knowledge
of indigenous communities without fair sharing of ben-
efits (Efferth et al. 2016). In a broader sense, biopiracy
can be defined as any type of unauthorized access of
biological material, such as collecting and transporting
wildlife without permits. Biopiracy in the pet market, for
example, is more frequent, financially more substantial,
and has stronger ecological impact than biopiracy related
to science. Although it is 1 of the 2 central focuses of
biopiracy discussions (the other being industrial use),
here we considered only the less acknowledged, scien-
tific biopiracy. This topic is often neglected despite that
many researchers encounter it during their careers, from
scientists bioprospecting for new pharmacological sub-
stances, to taxonomists working on natural history col-
lections, and to researchers working in zoos, aquariums,
and botanical gardens. We sought to extend the debate
to include the use of smuggled specimens in research,
its drivers, and the role of stakeholders in combating this
problem and propose some best practices to deal with it.
Museum and Natural History Collections
Due diligence from institutions managing scientific col-
lections should be the foremost approach, but not the
only one. First, natural history museums and similar
repositories have a legal and organizational framework
that allows them to enforce best practices regarding the
material they host. Second, collections are the point of
intersection of all players: they are the final destination of
the wild-caught material and a starting point for scientific
publications in many areas, including, but not limited to,
taxonomy (Fig. 1).
Many institutions worldwide have codes of conduct
with regard to acquisition, availability, data sharing, and
repatriation of material. Technical solutions to imple-
ment these in collection curation are emerging (Heikki-
nen et al. 2019; Kuusijärvi et al. 2019). Recently, the
Nagoya Protocol of the Convention on Biological Diver-
sity, which regulates access and benefit sharing of bio-
logical resources, prompted many to adopt even stricter
rules, depending on the interpretation made in each
country. An example of this is provided by the Consor-
tium of European Taxonomic Facilities (CETAF) (2018),
which attempts to ensure that all biological resources
entering any of the participant repositories are obtained
with appropriate permits. Additionally, CETAF’s code
(CETAF 2018) states that the staff of the parties should
not undertake any fieldwork until all relevant permits are
agreed on and finalized in accordance with the laws and
regulations of the nation in whose territory the fieldwork
is carried out. This should be adopted as standard prac-
tice in all institutions hosting collections worldwide to
avoid problems arising from scientific malpractice. How-
ever, it is not a matter of simply piling on more respon-
sibility to natural history collections. Institutions that
financially support them should recognize that imple-
menting and complying with stricter rules will require
more resources (money, physical space, and human) to
expand and care for collections.
Scientific Publications
Editors of scientific publications should provide a signif-
icant regulatory filter for biopiracy. Although it is impos-
sible to check the legality of each specimen referred to
in a scientific work beyond what the authors provide,
several steps could be put in place to minimize the oc-
currence of biopiracy. First, during the submission of a
manuscript, authors should be required to self-declare
that all material was obtained legally. Second, it should
be mandatory to cite museum catalog numbers, at least
when describing a new species. This is a practice that
currently is not required by all journals. If adopted it
would generate a cascading impact: museums must ac-
cession types before publishing, and so collection per-
mits of the type material must be verified before they
are accessioned to the museum. These criteria would
also strengthen ties between scientific journals and mu-
seum collections. Similarly, author guidelines on publica-
tion ethics and malpractice statements should be clear
and explicit. Additionally, journals should be cautious
with manuscripts dealing with taxa or localities that are
well-known targets for biopiracy and should retract or
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otherwise flag articles where there is evidence of the use
of illegally collected material. Unfortunately, these sug-
gestions would be difficult to implement for journals that
are published by nonscientific societies, such as hobby-
ist magazines, or by privately funded journals or books
for which the editor is frequently also the author. Al-
though these are considered valid venues for taxonomy
and nomenclature studies, they are not regulated by sci-
entific societies or academic organizations; hence, they
constitute a recurrent problem for the taxonomy of many
groups, for example, “the Raymond Hoser problem” in
herpetology (Naish 2013). However, some changes are
possible. For instance, peer review could be considered
mandatory for publication of a new species to be consid-
ered valid according to the International Code on Zoo-
logical Nomenclature (see below).
Scientific Societies
The validity of species descriptions is usually unregu-
lated. Scientific societies often do not get involved or act
as referees in such activities. Some taxa, such as spiders
and butterflies, have their own world catalogs in which
the most important available taxonomic information is
compiled. However, these databases are meant to track
the current situation; hence, it is beyond their scope to
regulate the validity of descriptions or names, although
the editorial team may sporadically decide to exclude
taxonomic information (Kropf et al. 2019). Transferring
the responsibility of policing the legality of preserved
specimens to scientific societies is neither feasible nor
desirable, although scientific societies certainly should
participate by having an explicit code of ethics and
strongly encouraging their affiliates to publish only in
peer-reviewed venues.
International Commission on Zoological
Nomenclature (ICZN)
Another organization that could potentially regulate ac-
quisitions of material is the ICZN. The ICZN does not
regulate taxonomic acts because those acts are scien-
tific decisions; rather, they regulate nomenclatural acts,
which are decisions that affect the nomenclatural sta-
tus of scientific names or typifications of nominal taxa
(but not taxon descriptions as such). The ICZN recom-
mends authors follow some general principles, which to-
gether constitute a code of ethics, but these are not part
of the legislation of the International Code of Zoolog-
ical Nomenclature (ICZN 1999). Ultimately, this means
the commission is not empowered to investigate or rule
on alleged breaches of these principles. Moreover, these
principles do not specifically advise against the use of
illegally acquired material in nomenclature (ICZN 1999),
although they most certainly should. The ICZN could
make it a requirement that newly designated types based
on recently collected specimens be accompanied by a
statement of deposition in recognized scientific or educa-
tional institutions that maintain research collections with
proper facilities. In this way, institutional zoological col-
lections would be empowered by the ICZN to encourage
best practices that will reduce biopiracy. As mentioned
above, a peer-review process should be encouraged, but
eventually enforcing this to validate nomenclatural acts
would require that subjective criteria be incorporated in
the code.
General Considerations
We are aware of the insufficient level of enforcement and
of the low priority given to low-profile wildlife crimes,
especially those involving invertebrates, which conflict
with the central role these animals play in the balance
of natural systems (Cardoso et al. 2020). Environmental
and wildlife laws are generally designed primarily with
vertebrates in mind and do not consider the important
yet different dynamics of invertebrate populations. This
oversight constitutes one of the major impediments to
invertebrate conservation (Cardoso et al. 2011). We de-
vised several general suggestions that, in addition to the
ones mentioned above, may help curb wildlife trafficking
for scientific purposes.
First, there is the recurrent problem of researchers and
others claiming to be unaware of local regulations for
capturing, transporting, exporting, or importing wildlife
because of the difficulties in obtaining precise and cor-
rect information. In this case, a solution could be to
establish an online platform that gathers information
about environmental regulations and permits required
for those activities in different countries and their re-
spective governmental agencies (Fig. 1), similar to what
the Nagoya Protocol’s parties and signatories are doing
to exchange access information and to share benefits of
genetic resources to enhance legal certainty (CDB 2019).
Because national authorities often require much paper-
work before allowing collection and transport of wildlife,
they should at least have a well-developed bureaucratic
structure for quickly processing permit requests. This is,
however, far from reality in many countries.
Second, there is an urgent need to simplify the bu-
reaucracy related to regulating scientific activities so as
to make them more agile and easier to comply with
(Fig. 1). Ultimately, smugglers will smuggle regardless
of how strict or lenient the laws are. Simply establish-
ing stricter wildlife laws just to restrain a small fraction
of researchers who continue breaking them would ham-
per other valid scientific projects and conservation. Gov-
ernmental authorities would also benefit if more people
acted according to their laws because they would have
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more information about the biodiversity of their own
countries. This information would make it easier to plan
wildlife management and exploit its potential. Thus, reg-
ulations and the permit process should be clear, simple,
and fast, which would minimize the potential for people
to make excuses for not following them. They should
specifically address the legal collection for research pur-
poses. The idea is not to limit progress in collecting, de-
scribing, and conserving global biodiversity. On the con-
trary, it is to prevent the bureaucracy from being an extra
constraint to the advance of science.
Third, hobbyist societies should collaborate on regu-
lating the commerce of legally wild-caught or captive-
bred specimens, instructing their members not to collect
specimens without a permit and generating statements
on their noncomplicity with illegal collecting (Fig. 1).
Ideally, hobbyist societies should ban any member found
or known to have collected or distributed illegally ac-
quired wildlife. In this way, they would simultaneously
be protected against liability and would not lose credibil-
ity in the eyes of scientists and environmental agencies.
These societies could propose and take part in legal, re-
sponsible, and ethical breeding of specimens, following
the example of Mexican tarantula breeders, who work in
cooperation with the governmental commission of bio-
diversity (CONABIO) to achieve sustainable exploitation
of wild populations.
The European Union (EU) is one of the largest markets
for live specimens (Engler & Parry-Jones 2017) and plays
an important role in the trafficking of wild animals, es-
pecially for the pet trade (Endcap 2012). The EU can be
either the final destination or a hub for smuggled animals,
and it is often cited as a laundering area of wild-caught
specimens (Endcap 2012). Thus, it may be possible for
scientists to buy specimens that have been laundered. In
this sense, scientists might not be breaking any laws, but
they are perpetuating biopiracy and illegal trade. An ex-
ample of such acquisition is the purchase of Burmese am-
ber by scientists in order to describe new species found
in it (Sokol 2019). In contrast to the European Union,
the United States follows a strict approach. The Lacey
Act of 1900 declares that specimens coming from illegal
sources are also illegal in the United States and requires
that citizens comply with laws of the country of origin
regarding the import, export, transport, sale, receiving,
acquiring, or purchasing of specimens of fauna and flora.
Thus, an interesting solution to tackle the global wildlife
laundering problem would be the wide adoption, at least
in the EU, of laws similar to the Lacey Act.
There is no simple way to tackle biopiracy because of
the many factors involved (Fig. 1). More than proposing
actions to deal with scientific biopiracy, we want to open
a discussion about a problem that is usually ignored. It is
critical to find a balance between legal constraints and
progress of science. We are aware that it is impossible
to regulate the material that has already been deposited
in institutional collections and hence are not suggesting
that material previously obtained without permits in nat-
ural history collections should be discarded or banned
from use. Rather, we strongly advocate that concerted
efforts be made to regulate and verify the acquisition
of new specimens and their use for scientific purposes.
There should be a globally combined effort from differ-
ent players to address the problem of using wildlife in
science without proper permits or authority (Fig. 1). The
biodiversity crisis is severely affecting humanity (IPBES
2019). Thus, scientists need to be able to work faster
than ever; they do not need more obstacles. However,
biopiracy undermines the underpinnings of science it-
self and has serious consequences in pure and applied
research. The tarantula case is a warning that unethi-
cal acts diminish the scientific community in the eyes
of governments, authorities, and the general public. Fol-
lowing codes of conduct in scientific activities is not just
a matter of ethics. In times of global environmental and
health crises, any misconduct can affect trust in scientists
and consequently in science and have drastic results for
society.
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